Cultivation and selection of cyanobacteria in a closed photobioreactor used for secondary effluent 
cyanobacterial blooms frequently develop in eutrophic water ecosystems, it was firstly assumed 88 that they required high N and P concentrations (Pick and Lean, 1987; Reynolds, 1987) . However, 89 later studies demonstrated that their dominance was related to a higher affinity than that of many 90 other photosynthetic organisms for N and P (Monchamp et al., 2014; Mur et al., 1999) . In 91 addition to this high nutrient affinity, cyanobacteria have a substantial storage capacity for both 92 these nutrients (Flores and Herrero, 2014) , and some types of cyanobacteria have the capacity of 93 fixing atmospheric N ( Levine and Schindler, 1999; Schindler, 1977) . This way, they can out-94 compete other microalgae under conditions of N and/or P limitation (Cottingham et al., 2015;  95 Kim et al., 2007; Marinho and Azevedo, 2007) . For this reason, cyanobacteria dominance has 96 been reported under a wide range of N:P ratios, from 0.5:1 (N limitation) to >64:1 (P limitation) 97 (Chislock et al., 2013; Levine and Schindler, 1999; Pick and Lean, 1987; Stocknerl and 98 Shortreed, 1988) . Even though natural concentrations of nutrients found in fresh water 99 ecosystems are usually at least three orders of magnitude lower than those found in urban, 100 agricultural or industrial wastewaters (de la Noüe et al., 1992) . In this context, higher nutrient 101 concentrations in wastewater promote higher algal photosynthesis, oxygen production and 102 biomass concentration (Ahmadi et al., 2005) . i. e. in lakes Total Inorganic Nitrogen TIN=1.167 103 and inorganic phosphorus concentration P-PO 4 3-=0.107 mgL -1 corresponds to 2.15 mgL -1 of mg TSS L -1 ) consisted in a community of microalgae, bacteria, protozoa and small metazoa.
133
Microscope observations (not shown) indicated that most of the biomass corresponded to 134 microalgae, which is in accordance with previous publications (García et al., 2006; Gutiérrez et 135 al., 2016; Nurdogan and Oswald, 1996) . Microalgae consortium was mostly composed by green 136 algae (genus Chlorella and Stigeoclonium) and cyanobacteria (cf. Oscillatoria).
137
The culture in the PBR was continuously maintained in alternate light:dark periods of 12 (arrow's path in Figure 1 ). Additionally, the total capacity of the PBR body allowed a free space 151 on the surface connected to the degassing port placed on top. , 2014; Passos et al., 2013) . The secondary effluent was obtained from the same HRAP
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(after gravity biomass separation in a settler (see Passos et al., 2014) and pH monitoring were controlled and registered by using LabVIEW ® software.
Experimental procedure
181
The PBR was continuously operated and periodically monitored during 1 year from 
where Q is the flow (
the volume of the PBR.
233
Chlorophyll a was measured in the culture once a week using the procedure 10200 H qualitative evaluation of microalgae populations and to determine the cyanobacteria abundance.
245
Note that microalgae were uncountable due to the presence of flocs. The microscope was 246 equipped with a camera (Fi2, Nikon, Japan) connected to a computer (software NIS-Element 247 viewer®). Cyanobacteria and microalgae species were identified in vivo using conventional 248 taxonomic books (Bourrelly, 1985; Palmer, 1962) as well as a database of cyanobacteria genus
249
(Komárek and Hauer, 2013). 
Results
251
The experiment focused in the selection of cyanobacteria from an initial mixed green algae-252 cyanobacteria consortium. It should be taken into account that the term "selection" is referred to 253 the transformation of the culture into a culture "mostly" dominated by cyanobacteria species, not 254 a pure cyanobacteria culture. This transformation from the initial consortium was directly related 255 to the characteristics summarized in Table 1 for the different three periods, thus leading to 256 different conditions in the PBR throughout the experiment (Table 2) . However, DO, temperature 257 and pH had quite similar average values and ranges during the three periods (note that only the 258 pH was controlled). Therefore, main differences were observed in the biomass concentration and 259 nutrients content in the culture.
260
During the first days of operation biomass concentration increased very quickly, reaching a 261 value of 0.37 g VSS L -1 after only 6 days ( Fig. 2a) Thus, the low carbon content in the culture and the lack of CO 2 injection due to the pH stability 284 clearly suggest carbon limitation in this period.
285
In period 2, the average biomass concentration was higher than in the other two periods ), but it also had a higher variability 287 mostly due to the detachment of biofilm growing on the walls of the PBR (Fig. 2b) . This biofilm was mainly constituted by large populations of the cyanobacterium cf. Oscillatoria sp. (Fig. 6) .
293
At the beginning of period 2, the concentration of nutrients in the culture was generally low,
294
in particular N-NO 3 -content (Fig. 5 ). This is due to the low N-NO 3 -concentration registered in 295 the effluent of the HRAP at this stage (Table 1) . PBR influent and effluent N-NO 3 -concentrations
296
were very similar, indicating a lower nitrification activity in the PBR in comparison to period 1
297
( Fig. 5b ). Regarding TAN, it was also completely removed (<96 %) (Fig. 4) . N-NO 2 -298 concentration was also very low, usually below the limit of quantification (see Table 2 ). P-PO 4 3-
299
average concentration was slightly lower than 1 mg L -1 and its average removal efficiency fairly 300 similar to that of period 1 (47%) (Fig. 4b) . However, N:P ratio in the culture was lower than in 301 period 1 (12:1) due to the lower N-NO 3 -concentration. In the case of alkalinity content, the 302 values were higher than those of period 1, ranging from 95-143 mg CaCO 3, equivalent to 11.4-303 17.6 mg C L -1 . In this period, CO 2 was sparged in the culture and therefore carbon was not a 304 limiting factor.
305
After finishing the monitoring of period 2, no additional change was performed to the culture 306 because cyanobacteria continued dominating the culture. Therefore, the culture followed a 307 normal operation until the start of period 3. During this period, the biomass concentration (Fig. 2c) . The biomass production (0.039 g VSS L -1 d -1 ) was also lower than that in period 2. These trends were related with nutrient depletion in the culture. Indeed, this period was characterized by the lowest values of TIN in the PBR mixed liquor, mostly due to low N-NO 3 -in 313 the culture (see Table 2 ). In contrast, N-NO 3 -concentration in the PBR influent was higher than 314 in period 2 (Fig. 5) . Average N-NO 3 -removal was 91%, while in the other periods it was 315 negligible or even negative (period 1). Similarly to the other periods, TAN was also completely 316 removed (>95 %) (Fig. 4) . P-PO 4 3-concentration had the lowest influent and effluent values of 317 the whole experiment, showing very high removal rates (>95%) (see Figure 4b) . The high 318 nutrient removal in this period was related to P limitation, which led to an increase of the N 319 uptake and the subsequent lowest N:P ratio estimated during the three periods. Alkalinity content 320 was higher in both PBR influent and effluent than in the other periods (ranging from 174 and 330
321
mg CaCO 3 L -1 equivalent to 20.88 and 39.6 mg C L -1 ).
322
In this last period, most of the algae community was dominated by the cyanobacteria
323
Chroococcus sp., cf. Aphanocapsa sp., and some filaments of cf. Oscillatoria sp., which formed 324 large flocs (Fig. 7) . 
Discussion
328
Biomass concentration and composition changed during the three periods according to the 329 nutrients input in the PBR influent and the corresponding N:P ratios. and also the higher N:P ratios. In fact, the amount of carbon available for nitrification and 338 photosynthesis was mostly that corresponding to alkalinity. Carbon limitation contributed to the 339 relatively poor nutrients uptake and removal in this period, and favored the dominance of the 340 green algae Chlorella sp.
341
In period 2, influent N:P ratio was similar to that of period 1, but TIN and P-PO 4 3-
342
concentrations were slightly lower (see Tables 1 and 3 ). However, there wasn't C limitation due to pH control by means of CO 2 injection, leading to a lower N:P ratio in the culture compared to 344 that of period 1 (Table 3) . These conditions shifted the algae community favoring cyanobacteria, influent and effluent N:P ratios, which are indicative of lack of nutrient limitation.
351
In period 3 TIN concentration in the PBR influent was higher than in period 2, and P-PO 4 3-
352
concentration was lower, obtaining the highest N:P ratio of the three periods. On the other hand,
353
N:P ratio in the effluent was the lowest, indicating P limitation related to the low concentration 354 detected in the influent and N depletion. In these conditions, cyanobacteria cf. Aphanocapsa, cf.
concentration and production were lower than in the previous period due to P limitation.
357
All in all, the results obtained indicate that cyanobacteria can be selected from mixed algae 
368
Results on adaptation of cyanobacteria to low P concentration and limitation found in the 369 present study are comparable to those previously reported on cultivation of cyanobacteria in 370 wastewaters (see Table 4 ). Nevertheless, it should be taken into account that the majority of these 371 studies were performed using pure cultures in batch lab scale experiments. The results by with a L V -P which was 13-16 and 5-7 times higher than the value of period 2 and 3 of this study.
377
However, with the exception of the study by Renuka et al. (2013) , all the other studies had low N:P ratios, and therefore P limitation. In spite of being a relevant issue, the predominance of the 379 same species or the potential contamination during the culture was not mentioned in the most of 380 these studies. Only the studies performed by Pouliot et al., (1989) 
Conclusions
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